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© Solid state imaging device. 



© A solid state imaging device comprises a light 
receiving and accumulating element disposed at a 
surface area of a semiconductor substrate (1) in a 
two-dimensional arrangement a control electrode 
(22, 34) and a transfer electrode (7) for transferring a 
signal charge which is photoeiectricaily converted by 
the light receiving element and a light shield ele- 
ment (24. 33) for passing an incident light only 
toward a predetermined portion of the light receiving 
element. These elements are suitably electrically 
insulated by the location of insulation films. The 
control electrode constitutes a first electroconductive 
element disposed above the light receiving element 
and the transfer electrode so as to cover at feast 
^portions thereof. The imaging device further com- 
^prises a second electroconductive element (21, 33) 
disposed in direct contact with the lower surface of 
Jq^ 8 f* rst electroconductive element to lower the resis- 
q tance thereof. The second electroconductive element 
I — may be constituted by a low resistance electrode or 
qq by the light shield element 
CM 
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SOLID STATE IMAGING DEVICE 



BACKGROUND OF THE INVENTION 

This invention relates to a solid state imaging 
device particular ly used for an imaging unit for a s 
video camera 

A solid state imaging device generally com- 
prises a phctodiode array and a transfer section 
such as a charge coupled device (CCD) for trans- 
ferring signal charges generated in the photcdiode ic 
array. The transfer section such as a CCD includes 
an impurity diffusion region constituting a transfer 
channel formed in a substrate and a control elec- 
trode which is made of light transmissible thin film 
and disposed above the transfer electrode through 75 
an insulation film. An aluminium film as a light 
shield means is formed on the control electrode 
through an insulation film. 

With the solid state imaging device of the type 
described above, in order to attain a high speed 20 
operation , it is necessary to lower the resistance of 
the control electrode by making electric contact 
between the control electrode and the aluminium 
Rim. For this purpose, a contact hole is formed in 
the insulation Aim interposed between the alumin- 25 
ium film and the control electrode. However, since 
the insulation film interposed between the control 
electrode and the transfer electrode is very thin 
and control of the etching depth is difficult, the 
contact hole may reach the transfer electrode. This 30 
results in a short circuit, which will lower the yield 
of the products. On the other hand, in order to 
obviate the lowering of the yield, it is unavoidably 
necessary to operate the imaging device with inad- 
equate characteristics or performance. as 



trically converting a received incident light into a 
signal charge and accumulating it. electric charge 
transferring means including a control electrode for 
reading the signal charge from the light receiving 
and accumulating means, transfer means for trans- 
ferring the signal charge, and a light shield for 
passing the incident light selectively directing to a 
predetermined portion of the fight receiving and 
accumulating means, the corrtroi electrode com- 
prising a first eiectroconductive means located 
above the light receiving and accumulating means 
and the transfer electrode so as to cover at least 
portions thereof in a manner electrically insulated 
therefrom, the imaging device further comprising a 
second eiectroconductive means disposed below 
the first eiectroconductive means in direct contact 
with the lower surface thereof so as to lower the 
resistance of the first eiectroconductive means. 

In one preferred embodiment of the invention, 
the second eiectroconductive means is a low resis- 
tance electrode made of a material such as a 
doped polysilicon or silicide of a refractory metal. 
In another embodiment of the invention, the light 
shield element made of an aluminium film acts as 
the second eiectroconductive means. 

According to the aforementioned construction 
of the solid state imaging device of this invention, 
superior operational characteristics and perfor- 
mance can be achieved by lowering the resistance 
of the control electrode without incurring a short 
circuit between the transfer electrode and the con- 
trol electrode. 

The preferred embodiments of this invention 
will be described further in detail hereunder with 
reference to the accompanying drawings. 



SUMMARY OF THE INVENTION 

An object of this invention is to substantially 40 
eliminate the difficulties or problems encountered 
with the prior technique and to provide an im- 
proved solid state imaging device including a con* 
trol electrode with a towered resistance capable of 
operating the imaging device at high speed. <ts 

Another object of this invention is to provide a 
solid state imaging device which is produced with- 
out using a difficult process, thus resulting In a high 
yield. 

These and other objects can be achieved ac- so 
cording to this invention by providing a solid state 
imaging device comprising a semiconductor sub- 
strate, light receiving and accumulating means dis- 
posed in two-dimensional arrangement at a surface 
area of the semiconductor substrate for photoelec- 



BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

RG. 1 is a sectional view of a portion of a 
conventional solid state imaging device; 

FIG. 2 is a sectional view of a portion of a 
solid state imaging device according to one em- 
bodiment of this invention; 

RG. 3 is a plan view representing a main 
portion of the imaging device shown in FIG. 2; and 

RG. 4 is a sectional view of another embodi- 
ment of this invention. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

For a better understanding of this invention, a 
conventional solid state imaging device and defects 
or drawbacks encountered therewith will be de- 
scribed hereunder with reference to FIG. 1 in ad- 
vance of the description of the preferred embodi- 
ment of this invention. 

Referring to FIG. 1 showing a sectional view of 
a typical conventional solid state imaging device, 
an n-type semiconductor substrate 1 is provided 
with a well region including a first p-type well 3 
having a relatively deep depth and a second p-type 
well 5 having a relatively shallow depth and con- 
stituting a part of the first p-type well 3. A first n- 
type impurity diffusion region 2 forming a transfer 
channel of a charge coupled device (CCD) is 
formed in the surface of the semiconductor sub- 
strate 1 corresponding to the position of the first p- 
type well 3. and a second n-type impurity diffusion 
region 4 forming a photodiode element as a light 
receiving and accumulating section for photoelec- 
trically converting an incident light and accumulat- 
ing a converted signal charge is also formed in the 
surface of the semiconductor substrate 1 corre- 
sponding to the position of the second p-type well 
5. An insulation film 8 is disposed on the surface of 
the semiconductor substrate 1 , and a transfer elec- 
trode 7 is disposed on the insulation film 8 at a 
portion thereof corresponding to the first n-type 
impurity diffusion region 2. A control electrode 8 is 
further disposed on the transfer electrode 7 over an 
insulation film 1 1 and extends over the second n- 
type impurity diffused region 4 forming the 
photodiode element. A layer insulation film 12 is 
further disposed on the control electrode 8, and an 
aluminium film 9 is further disposed on the insula- 
tion film 12 as a light shield means for leading the 
incident light oniy to the photodiode. 

Recently, in the field of this art, a thin poiy- 
silicon film having a film thickness of about 100 A 
has been generally used for forming the control 
electrode 8. The poly silicon film, however, has a 
high resistance, and the use thereof may often 
adversely affect on the operation of the device. 

In order to overcome this defect, in the prior 
technique, a contact hole- is formed in the insulation 
film 12 to cause the control electrode 8 to contact 
the aluminium film 9 thereby to reduce the resis- 
tance of the control electrode 8. However, since the 
insulation film 11 disposed between the contact 
electrode 8 and the transfer electrode 7 has a 
thickness of about 1000 A. which is not very thick, 
there is a possibility that the contact hole will reach 
the transfer electrode 7 when an inadequate etch- 
ing condition is used. Thus, in a certain adverse 
case r a short circuit will occur between the control 



electrode 8 and the transfer electrode 7. 

As described above, according to the construc- 
tion of the conventional solid state imaging device, 
it is considerably difficult to establish the contact 

5 between the aluminium film 9 and the control elec- 
trode 8 to lower the resistance of the control elec- 
trode 8 because of the possibility of the occurrence 
of the short circuit. 

A solid state imaging device of this invention 

70 will be described hereinbelow with reference to 
preferred embodiments shown in FIGS. 2 through 
4. 

FIG. 2 shows a sectional view of one preferred 
embodiment of this invention taken along the dot- 

75 and-dash line It-ll in FIG. 3 showing a part of an 
interline transfer type solid state imaging device 
having transfer electrodes 7a to 7d. 

Referring to FIG. 2. as described with refer- 
ence to FIG. 1 , the n-type semiconductor substrate 

20 1 is provided with a well region including a first p- 
type well 3 having a relatively deep depth and a 
second p-type well 5 having a relatively shallow 
depth and constituting a part of the first well 3. A 
first n-type impurity diffusion region 2 forming a 

25 transfer channel for a CCD is formed at the surface 
area of the semiconductor substrate 1 at a portion 
corresponding to the first p-type well 3. A second 
n-type impurity diffusion region 4 constituting a 
photodiode is formed at the surface area of the 

30 semiconductor substrate 1 at a position corre- 
sponding to the second p-type well 5. On the 
surface of the semiconductor substrate 1 is dis- 
posed an insulation film 6 on which a transfer 
electrode 7 is provided at a portion corresponding 

35 to the position of the first n-type impurity diffusion 
region 2. 

An electrode 21 with a low resistance having a 
thickness of about 4000 to 5000 A is disposed so 
as to cover the upper and side portions of the 

40 transfer electrode 7 over an insulation film 1 1 inter- 
posed between the low resistance electrode 21 and 
the transfer electrode 7. The low resistance elec- 
trode 21 is preferrabiy made of a poly silicon pro- 
duced by the ion implantation of an impurity such 

45 as phosphorus or of silicide of a refractory metal 
such as molybdenum silicide. 

A control electrode 22 made of a poly si I icon 
film into which an impurity such as phosphorus has 
been ion-rmptanted and which has a thickness less 

so than 0.05 am is disposed so as to cover the low 
resistance electrode 21 and the photodiode. A 
phosphorus diffusion process in a phosphorus at- 
mosphere which has been often utilized is not 
suitable as a process for imparting an electrocon- 

55 ductivity to the control electrode for the reason that 
the phosphorus diffusion increases the etching rate 
of the polysilicon used, and the control electrode 
having the thin polysilicon film may be adversely 
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etched in the processes following thereafter. 

A layer insulation fitm 23 is formed over the 
control electrode 22, and an aluminium film 24 is 
further formed on the layer insulation film 23, the 
aluminium film 24 being provided with an opening 
corresponding to the position of the photodiode for 
transmitting incident light only through the 
photodiode. 

In the foregoing description, the construction of 
the solid state imaging device has been described 
with respect to one section with reference to the 
description of the drawing, but the imaging device 
as a product is ordinarily constructed by the con- 
tinuous sections each referred to above. In other 
words, for example, in the imaging device as a 
product the impurity diffusion regions 2 and 4 are 
formed in two-dimensional arrangement 

According to the solid state imaging device of 
this invention of the construction described above, 
the location of the low resistance electrode 21 
serves to lower the resistance of the control elec- 
trode 21. and accordingly, it is not necessary to 
provide an electric contact between the control 
electrode and aluminium film, so that the occur- 
rence of a short circuit between the control elec- 
trode and the transfer electrode can be prevented. 
In addition, since the low resistance electrode can 
be stably formed, the yield of the solid state imag- 
ing device as a product can be improved. 

FIG. 4 is a sectional view, similar to that shown 
in FIG. 2, showing another embodiment of the part 
of the solid state imaging device according to this 
invention. In FIG. 4 f like reference numerals are 
used for elements or parts corresponding to those 
shown in FIG. 2 and the explanation thereof is 
omitted herein. 

In the example shown in FIG. 4, the insulation 
film, corresponding to the insulation film 11 of the 
first embodiment of the invention shown in FIG. 2, 
comprises a first portion 31 formed above the 
transfer electrode 7 and a second portion 32 
formed above the photodiode and having a thick- 
ness considerably thinner than that of the first 
portion 31. Accordingly, the upper surface of the 
insulation film 31 is formed as an inclined surface 
at the peripheral portion of the transfer electrode 7. 
A light shield film 33 mad© of aluminium is formed 
above the transfer electrode 7 so as to cover the 
same through the insulation fiim 31 , and a transpar- 
ent electroconductive film 34 made of a material 
such as tin oxide is formed above the light shield 
fiim 33 and the photodiode. The electroconductive 
film 34 acts as a control electrode, and the resis- 
tance thereof is low because of the direct contact 
of the electroconductive film 34 with the aluminium 
light shield film 33. The electroconductive film 34 
of the tin oxide is ordinarily formed by a deposition 
or sputtering method. 



The insulation films 31 and 32 of this example 
can be fabricated by an etch-back process to a 
thick film once formed by a known CVO (Chemical 
Vapor Deposition) method. The aluminium film 33 

s is also formed by a known deposition method. 

According to this embodiment of this invention, 
since the aluminium film as a light shield film and 
the tin oxide fiim as a control electrode can be 
stably formed, a solid state imaging device having 

io an excellent characteristics and performance can 
be produced by utilizing the control electrode hav- 
ing low resistance, thus improving the yield of the 
imaging device as a product. 

15 

Claims 

1. A solid state imaging device of the type 
comprising a semiconductor substrate (1). light re- 

20 ceiving and accumulating means (2, 4) disposed at 
a surface area of said semiconductor substrate in 
two-dimensional arrangement for photoelectrical ly 
converting a received incident light into a signal 
charge and accumulating the signal charge, electric 

25 charge transferring means including a control elec- 
trode (22) for reading the signal charge from the 
light receiving and accumulating element and a 
transfer electrode (7) to transfer the signal charge, 
and light shield means (24) for passing the incident 

30 light only towards a predetermined portion of the 
light receiving and accumulating element charac- 
terized in that said control electrode (22) comprises 
a first electroconductive element disposed above 
said light receiving and accumulating element (2, 

as 4) and said transfer electrode (7) so as to cover at 
least portions thereof in a manner electrically in- 
sulated therefrom, and that a second electrocon- 
ductive element (21) is disposed below said first 
electroconductive element in direct contact with the 

40 lower surface thereof so as to lower the resistance 
of the first electroconductive means. 

2. The imaging device according to claim 1 
wherein said transfer means comprises a plurality 
of transfer electrodes, and said second electrocon- 

45 ductive means comprises a low resistance elec- 
trode disposed above and electrically insulated 
from said transfer electrode so as to cover at feast 
location of said transfer electrode. 

3. The imaging device according to claim 2 
so wherein said low resistance electrode is made of a 

polysilicon in which an impurity is doped. 

4. The imaging device according to claim 2 
wherein said low resistance electrode is made of a 
silicide of a refractory metal. 

55 5. The imaging device according to claim 1 

wherein said control electrode comprises a light 
transmitting polysilicon film made by ion-implanting 
an impurity. 
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6. The imaging device according to claim 1 
wherein said light shield means is made of an 
aluminium film and disposed above a portion of 
said control electrode in a manner electrically in- 
sulated therefrom. 5 

7. The imaging device according to claim 1 
wherein said light shield means is disposed below 
said control electrode in direct contact therewith so 
as to act to lower the resistance of said control 
electrode. J o 

8. The imaging device according to claim 7 
wherein said control electrode comprises a light 
transmissible tin oxide film. 

9. A solid state imaging device comprising a 
semiconductor substrate (1), light receiving and is 
accumulating means (2, 4) disposed at a surface 
area of said semiconductor substrate in a two- 
dimensional arrangement for photoelectrically con- 
verting a received incident light into a signal charge 

and accumulating the signal charge, transfer means 20 
(7) disposed above said light receiving and accu- 
mulating means so as to cover at least a portion 
thereof in a manner electrically insulated therefrom 
and adapted to transfer the signal charge, light 
shield means (33) for passing the incident light 25 
only towards a predetermined portion of said light 
receiving means, and first eiectroconductive means 
(34) disposed above said light receiving and accu- 
mulating means and said transfer means so as to 
cover at least portions thereof in a manner elec- 30 
trically insulated therefrom, characterized in that 
said first eiectroconductive means consists of a 
control electrode; and said light shield means is 
disposed to be in direct contact with a lower sur- 
face of said first eiectroconductive means so as to 35 
act as a second eiectroconductive means to lower 
the resistance of the first eiectroconductive means. 



40 



43 



so 



55 



5 



BNSDOCID: <EP 022503 4A2 J. 



0 285 084 




F IG. I PRIOR ART 




FIG. 2 




F I G. 4 



0 285 084 



n 



r- 

M — 
I 
I 



-24 



>-7b 

I 



I — 
I 



I 

I 

.J 



t 



-7d 



FIG. 3 



BNSDOCID: cEP_ 



02B5084A2J_> 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 285 084 

A3 



© 



© Application number: 88105057.9 
© Date of filing: 29.03.88 



EUROPEAN PATENT APPLICATION 

© int.Cl. s H01L 27/14, H04N 3/15 



© Priority: 31.03.87 JP 79155/87 

@ Date of publication of application: 
05.10.88 Bulletin 88/40 

© Designated Contracting States: 
DEFRGB 

© Date of deferred publication of the search report: 
05.09.90 Bulletin 90/36 



© Applicant KABUSHIK1 KAISHA TOSHIBA 



72, Horikawa-cho Saiwai-ku 
Kawasaki-shi Kanagawa-ken 210(JP) 

© Inventor Matsunaga, Yoshiyuki 
1-4-21-212, Kobukuroya 
Kamakura-shi Kanagawa-ken(JP) 



© Representative: Ritter und Edler von Fischern, 
Bernhard,Dipi.-ing. et al 
HOFFMANN - EiTLE & PARTNER 
Arabellastrasse 4 
D-8000 MUnchen 81 (DE) 



© Solid state imaging device. 

© A solid state imaging device comprises a light 
receiving and accumulating element disposed at a 
surface area of a semiconductor substrate (1) in a 
two-dimensional arrangement, a control electrode 
(22. 34) and a transfer electrode (7) for transferring a 
signal charge which is photoelectrically converted by 
the light receiving element and a light shield ele- 
ment (24, 33) for passing an incident light only 
toward a predetermined portion of the light receiving 
element. These elements are suitably electrically 
insulated by the location of insulation films. The 



control electrode constitutes a first eiectroconductive 
element disposed above the light receiving element 
and the transfer electrode so as to cover- at least 
portions thereof. The imaging device further com- 
prises a second eiectroconductive element (21 , 33) 
disposed in direct contact with the lower surface of 
the first eiectroconductive element to lower the resis- 
tance thereof. The second eiectroconductive element 
may be constituted by a low resistance electrode or 
by the light shield element. 
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